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Abstract: Precision medicine is essentially based on reliable and non-invasive biomarkers. Aim of 
this review has been to describe the newest biomarkers in the field of kidney transplantation and 
the kidney rejection, one of the commonest and severe complications. Standard of care tools to 
identify acute rejection are largely full of errors and of drawbacks. In recent years, new and reliable 
biomarkers have been found. They are avoid of risks, non-invasive and able to detect rejection even 
in those frequent cases in which acute rejection are clinically asymptomatic and not otherwise 
identifiable. In recent years, several biomarkers have been identified. Very recently have been found 
new relevant biomarkers able to diagnose rejection with high positive predictive value and low 
negative predictive value. These are the donor-derived cell free DNA found in the recipient, the 
gene expression profile of the donor found in the recipient and the urinary cytokines that express 
modification in the graft tissue. The aim of this study has been to find the most recent findings in 
the literature on this topic and to describe the utility and possible limitation of such new biomarkers 
on kidney rejection. 

Keywords: Kidney rejection; biomarkers; subclinical rejection; donor derived cell free DNA; gene 
expression profile; urinary cytokines 

 

Introduction and Definitions 

Transplant medicine is slowly translating from the “evidence based medicine” to the “precision 
medicine”. This fact is due to several factors and novel technologies among which biomarkers have 
a relevant role [1]. Since a long time several papers have been describing the role of biomarkers in 
renal transplantation [2]. 

Immunosuppression is a cornerstone in transplantation, but this therapy has to balance from 
insufficient drug therapy leading to acute or chronic rejection and excessive drug therapy leading to 
infections or malignancies. We have been delivering our immunosuppressive treatment with 
indiscriminate monitoring tools for decades in the past waiting for either clinically evident rejection 
to occur or clinically evident infection or malignancy to develop. The standard-of-care management 
to monitoring clinical events is shown in Table 1. These have several deficiencies or drawbacks. 

Table 1. Standard-of-care management to monitoring clinical events and their drawbacks. 

Serum creatinine testing Creatinine is a lagging and non-specific marker 
of injury 

Urine testing Non-specific 
Transplant ultrasonography Non-specific 
Screening and monitoring donor specific 
antibodies (DSA) 

Not all DSAs are overtly pathogenic, many 
unknown non-HLA Abs 

Drug level monitoring Non-specific 
Renal biopsy Expensive and not without complications 
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Subject to sampling error and interpreter 
variability 
Histologic assessment has limitations 

Serum creatinine testing is a lagging and not specific marker of injury as well as urine standard 
testing. 

Screening and monitoring donor specific antibodies (DSAs) does not consider that not all DSAs 
are overtly pathogenic and that there are many unknown non-HLA antibodies. 

Drug level monitoring is helpful but non-specific in the absence of other relevant signs. 
Renal biopsy has always been considered the gold standard, but is expensive and not without 

risks/complications. In addition, it is subject to sampling errors and interpreter variability. Finally, 
the histologic assessment has several limitations, principally if conducted in not expert centers. 

As a consequence, there is the need of non-invasive biomarkers that may be distinguished in 
diagnostic biomarkers, prognostic biomarkers, monitoring biomarkers and 
pharmacodynamics/response biomarkers, as shown in Table 2 [3–11]. 

Table 2. Overview of biomarker subtypes and assessment of kidney allografts. 

Biomarker Type Biomarker Definition Established 
Examples in 
Transplantation 

Potential new Examples in 
Transplantation 

Diagnostic 
biomarker 

A biomarker used to 
identify individuals 
with the disease or 
condition of interest or 
define a subset of the 
disease 

Serum creatinine 
Proteinuria 
Hematuria DSA  
Signs of hemolysis 
Renal ultrasound 
examination 
Protocol or for cause 
biopsy histology 

Urinary three gene mRNA 
expression signature and 
wide range of other 
suggested molecules [3,4] 
Wide range of urinary target 
proteins, like CXCL10 and 
CXCL9 [3] 
Blood 17-gene mRNA 
expression “kSORT” [5] 
Blood 200-gene mRNA 
expression “TruGraf” [6] 
Several blood and urine 
mRNAs [3] 
Molecular microscope for 
allograft pathology 

Prognostic 
biomarker 

A biomarker used to 
identify likelihood of a 
clinical event, disease 
recurrence, or 
progression 

Serum creatinine 
Proteinuria 
DSA  
Protocol or for cause 
biopsy histology 

Complement-fixing 
characteristics of DSA [7,8] 
Edmonton classifier for graft 
loss [9] 
Edmonton ABMR molecular 
score [10] 
GOCAR 13-gene set [11] 

Monitoring 
biomarker 

A biomarker measured 
serially and used to 
detect a change in the 
degree or extent of 
disease; monitoring 
biomarkers may also be 
used to indicate toxicity, 
assess safety, or provide 
evidence of exposure, 

Serum creatinine 
Proteinuria 
Hematuria 
Immunosuppressiv
e drug levels 
BKV/PCR 
Signs of hemolysis  
 

There are currently no new 
monitoring biomarkers 
proposed in kidney 
transplantation 
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including exposures to 
medical products 

Pharmacodyna
mics/response 
biomarker 

A biomarker used to 
show that a biologic 
response has occurred 
in an individual who 
has received an 
intervention or 
exposure 

CD19/CD20 count 
with rituximab 
treatment 
DSA mean 
fluorescence index 
after AMMR 
treatment 
Post-treatment 
control biopsy 
histology 

There are currently no new 
pharmacodynamics/respons
e biomarkers proposed in 
kidney transplantation 

In the story of a transplant, before than any disease activity is present risk/susceptibility 
biomarkers will facilitate the identification of high-risk patients who require closer follow up 
examinations, which are typically, performed using noninvasive diagnostic biomarkers. After a 
disease process is diagnosed, a prognostic biomarker estimates the erect of the disease and the chance 
of spontaneous resolution. A prognostic biomarker should be able to identify those patients who 
need treatment and those patients who will have a spontaneous disease resolution. If a patient with 
disease would have a poor outcome, the research for the best appropriate therapy will be based not 
only based on diagnosis and prognosis, but also based on predictive biomarkers and of 
safety/pharmacodynamics/response biomarkers and monitoring biomarkers, ideally noninvasive [1]. 

In this study, several evolving biomarkers in kidney transplantation will be treated as Donor-
derived cell-free DNA (dd-cf DNA), Blood gene expression profiles (Trugraf study), Urine 
biomarkers (CXCL9, gene expression profiles). 

Donor-Derived Cell-Free DNA (dd-cfDNA) 

This biomarker is based on the fact that allograft cell injury leads to increase of dd-cfDNA in the 
bloodstream of the recipient [12]. It is a reliable marker of endothelial cell injury and can be elevated 
in rejection, infection and drug induced kidney injury [13–16]. It should be considered that there is a 
possible release of recipient-derived cfDNA by recipient’s immunologic effector cells activated 
during rejection [15]. 

In addition, urinary cfDNA (so-called Transrenal DNA) is important. These molecules cross the 
kidney barrier and appear in the urine [17]. They reflect an increased burden of tissue injury and 
apoptosis [16]. May be both donor derived and recipient derived. 

Overall, there are three clinically available assays: 
Allosure (Care Dex) 
Prospera (Natera) 
TRAC (Virecor Eurofils) 
Several questions are still open in understanding the significance of dd-cfDNA in kidney 

transplant recipients. 
There is ongoing debate on whether relative or absolute quantification of dd-cfDNA is more 

reliable to detect acute transplant injury. 
In a recent study from Osmadodja et al. [18], 22 kidney transplant patients underwent dd-cfDNA 

measurement either as percentage or as absolute. The study concludes that relative dd-cfDNA alone 
can lead to false negative and false positive results. The use of both absolute and relative dd-cfDNA 
is better to assure a higher reliability and interindividual comparability. 

In a different study, Graver et al. [19] states that the potential benefits and pitfalls of dd-cfDNA 
are as shown in Table 3. In the same study the authors highlighted that dd-cfDNA are released by 
allograft into the bloodstream, the level is dependent on allograft health and that level < 0.5% are 
present in kidney transplant recipients without allograft injury. On the other hand, modification of 
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dd-cfDNA is probably due to injury or rejection. Biopsy is still required to confirm pathological 
diagnosis. 

Table 3. Benefits and pitfalls of the use of dd-cfDNA. 

Potential Benefits Pitfalls 
Noninvasive blood biomarker Fractional quantification affected by changes in 

rdcfDNA 
Applicable to all solid organ transplantation Does not exclude TCMR (if ddcfDNA normal) 
Elevations may occur up to 30 days before 
histologic changes 

Elevated in nonrejection pathologies associated 
with tissue injury (BKV, CVNI toxicity) 

Absolute quantification of ddcfDNA not 
affected by changes in rdcfDNA 

Not recommemded for use in early 
posttransplant period 

Avoidance of protocol biopsy No recommended flor use for 24 h post-biopsy 
Avoidance of unnecessary biopsies Confounded in pregnancy 
Noninvasive diagnosis of AMR Confounders in some repeat and multiorgan 

transplants 
Assessment of response to rejection treatment  
Indicator for treatment of chronic active AMR  

In a study from Sigdel et al. [20] from the UCSF, the dd-cfDNA was assessed via massively 
multiplex PCR in 193 kidney transplant patients. All patients were biopsy matched: 38 had active 
rejection, 72 borderline rejection, 82 had a stable allograft and 25 with different types of injuries. The 
dd-cfDNA analyzed by the single nucleotide polymorphism (SNP) differentiated patients with active 
rejection from patients affected by all other conditions (p<0.0001) with high sensitivity (88.7%) and 
high specificity (77.6%) (Table 4). In this study, dd-cfDNA was not able to differentiate antibody 
mediated rejection (ABMR) from T cell mediated rejection (TCMR) (p=0.855). This is in contrast with 
the study of Bloom et al. [21]. In this study dd-cfDNA, levels are higher in ABMR (both chronic and 
acute) respect to TCMR (2.9% versus 1.2%). This study from the Circulating Donor Derived Cell-Free 
DNA in Blood for Diagnosing Acute Rejection in Kidney Transplant Recipients (DART) highlights 
that plasma levels of dd-cfDNA discriminate the active rejection pathogenesis. 

Table 4. dd_cfDNA and diagnosis of rejection. 

Acute rejection median 2,32% 
Non-acute rejection median 0.47% 
• AUC: 0.87 
• Sensitivity: 88.7% 
• Specificity: 72.6% 
• PPV: 52,0% 
• NPV: 95.1% 

Two recent meta-analyses using the existing data, documented the relevance of dd-cfDNA in 
the diagnosis of kidney rejection [22,23]. 

The first one analyzed seven studies [24–28] and used the “Meta-analysis of Observational 
Studies in Epidemiology (MOOSE) guidelines [29]. 

The median dd-cfDNA level was significantly higher in patients with ABMR respect to stable 
patients, while patients with TCMR did not have a different median dd-cfDNA compared to stable 
patients. Similar results were reported in the other meta-analysis [23], who analyzed nine studies. 

In conclusion, dd-cfDNA can be a helpful marker for the diagnosis of ABMR in patients with 
suspected renal dysfunction, but not probably for patients with TCMR. An explanation of this fact is 
that ABMR results in a microvascular injury [30], with a release of free DNA after endothelial 
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damage, while TCMR is essentially an interstitial injury that only rarely is associated with 
endovasculitis [31]. 

dd-cfDNA may also act as a prognostic tool. Even if several already cited studies documented 
that high levels of dd-cfDNA are diagnostic for ABMR rejections and not always distinguish TCMR 
rejection from stable kidneys, a recent study from Stites et al. [32]. This important study documents 
that high levels of dd-cfDNA identifies patients with TCMR1A and borderline allograft rejection at 
elevated risk of graft injury. The impact of any acute rejection on the risk of late allograft failure has 
been also documented by other studies [33,34]. Risk for a poor outcomes of kidney recipients with 
early posttransplant donor specific anti-HLA antibodies and high dd-cfDNA levels was documented 
also by the study of Cooper et al. [35]. 

In the study of Stites [32] were evaluated 79 patients with TCMR1A or borderline rejection. 
Rejections were evaluated with kidney biopsies, for cause, or for surveillance. Patients were stratified 
by dd-cfDNA >0.5% or dd-cfDNA < 0.5%. The % change in estimated glomerular filtration rate 
(eGFR) was measured 3-6 months after evaluation of dd-cfDNA levels and kidney biopsies. The 
decrease of eGFR, the presence of DSAs and the recurrence of rejection were statistically significant 
in patients with dd-cfDNA <0.5% respect to patients with dd-cfDNA >0.5%. The results are shown in 
Table 5. 

Table 5. Patients with dd-cfDNA >0.5 were at increased risk of recurrent rejection, DSA detection, 
and eGFR decline over the following 3-6 months. 

 Statistics Low (dd-cfDNA 
<0.5% 

Hgh (dd-cfDNA 
> 0.5% 

p-value 

dd-cfDNA value 
(%) 

Mean (SD) 0.25 (0.087) 1.76 (1.40) - 

 Median  0.21 (0.19, 0,29) 1.40 (0.87, 2.02) - 
 Min, Max 0.19, 0.49 0.52, 6.70 - 
     
 

% Change in 
eGFR 

Mean (SD) -0.40 (18.149) -8.64 (11.98) 0.0040 

 Median  0.00 (-0.92, 4,76 -7.50 (-16.22, -
1.39) 

 

 Min, Max -70.73, 33,.33 -37-50, 32.65  
Presence of 

DSAs 
 1/37 (2.7%) 17/42 (40.5%) <0.0001 

Recurrent 
Rejection 

 0/37 (0.0%) 9/42 (21.4%) 0.0028 

dd-cfDNA is also important in determining the clinical outcomes of a transplant as determined 
by monitoring the kidney allografts with a longitudinal surveillance study. The study is called 
ADMIRAL and s reported by a paper from Bu et al. [36]. 

The study reports the data of 1094 patients from seven transplant centers. All patients received 
a single adult kidney, most of them from a deceased donor. The control of dd-cfDNA lasted 3 years 
posttransplant. In particular was performed an analysis of de novo DSA, of eGFR trajectories and of 
allograft rejections. Two previous studies [37,38] have already reported that a decline in eGFR is 
superior to other surrogate measures of long-term kidney transplant outcomes. The ADMIRAL study 
confirmed that persistently elevated dd-cfDNA (above 0.5%) predicted a >25% decline in eGFR over 
3 years. Similarly, dd-cfDNA values >0.5% were associated with a nearly 3-fold increase in the risk 
of development of de novo donor specific antibody (DSA). Finally, significant elevations in dd-
cfDNA were observed during rejection ahead of changes in serum creatinine. In conclusion, the 
ADMIRAL study demonstrates a broad utility of dd-cfDNA as a leading indicator ahead of clinical 
presentations of allograft injury, formation of dnDSA, eGFR decline and subclinical rejection. 
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Treating of dd-cfDNA we have already highlighted the importance of diagnosing subclinical 
rejection by biomarkers in the absence of clinical signs. 

Several studies document the importance of early recognizing the occurrence of early 
inflammation and sub-clinical rejection. 

Nankivell et al. [39] evaluated in 551 renal transplant recipients, the clinical and pathological 
significance of borderline T cell mediated rejection against normal controls and acute TCMR. 

The group of patients was followed for 60 months and borderline rejection was associated to 
renal dysfunction, acute tubular necrosis and chronic tubular atrophy. Additionally, patients with 
borderline rejection were associated to a reduced graft survival (Figure 1). 

 

Similarly, subclinical inflammation phenotypes and worse long-term renal outcomes have been 
observed in some group of patients as pediatric kidney transplantation [40] and kidney transplant 
recipients with a rapid steroid withdrawal protocol [41]. Hence the importance of new biomarkers in 
addition to dd-cfDNA. 

Several studies recognize the importance of gene profile in the diagnosing of early inflammation 
and subclinical rejection after kidney transplantation. 

Gene Expression Profile as Biomarkers 

Fridewald et al. [42] documented the development and clinical validity of a novel blood-based 
molecular biomarker for the diagnosis of subclinical acute rejection following kidney transplantation. 

Several previous studies had documented that the gene expression profiles (GEPs) in both urine 
and blood could detect kidney transplant rejection. The CTOT-04 study [4] documented that a 3-gene 
signature in urine samples was able to detect kidney rejection. In a similar way, the CTOT-01 study 
[43] documented that urine CXCL9 protein revealed the existing of rejection. In the CTOT-08 study 
[42], Fridewald et al. demonstrated the clinical validity of the clinical significance of both the clinical 
phenotype (CP) and GEP of subclinical acute rejection within the first 12 months on the composite 
clinical endpoint. The same study documented in these subjects the development of de novo DNAs 
by the 24 months. In particular, in the CTOT-08 study, the gene expression profile consisted of 120 
genes that are up and down regulated and specifically chosen to distinguish stable normal biopsy 
from subclinical rejection. 

In a different study, Zhang et al. [44], examined 191 kidney transplant patients from the 
prospective Genomic of Chronic Allograft Rejection (GoCAR) study [45], who underwent 
surveillance biopsies over 2 years and identified patients with subclinical or borderline acute cellular 
rejection (ACR) at three months (ACR-3) post transplant. These patients had a subsequent worse 
outcome with decline in renal function and decreased graft survival. Using a RNA sequencing 
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analysis, the authors identified a 17-gene signature (Table 6). This TREx assay based on the 17-gene 
set achieved PPV of 0.79 and NPV of 0.98 for subclinical ACR diagnosis.This set was validated and 
represents a peripheral blood gene expression signature to diagnose subclinical acute rejection and 
to risk stratify kidney transplant recipients. 

Table 6. Seventeen –gene set for 3-month ACR diagnosis. 

Symbol RefSeq Name P-value 
ZMAT1 NM_001011657 Zinc finger, matrin type 1 0.01 
ETAA1 NM_019002 Ewing tumor.associated antigen 1 0.04 
ZNF493 NM_001076678 Zinc finger protein 493 0.002 
CCDC82 NM_024725 Coiled-coil domain containing 82 0.02 
NFYB NM_006166 Nuclear transcription factor Y, β 0.03 
SENP7 NM_001077203 SUMO1/sentrin specific peptidase 7 <0.001 
CLK1 NM_001162407 CDC-like kinase 1 0.01 
SENP6 NM_001100409 SUMO1/sentrin specific peptidase 6 0.01 
C1GALT1C1 NM_001011551 C1GALT1-specific chaperone 1 0.01 
SPCS3 NM_021928 Signal peptidase complex subunit 3 

homolog (S,. cerevisiae) 
0.03 

MAP1A NM_002373 Microtubule-associated protein 1A 0.01 
EFTUD2 NM_001142605 Elongation factor Tu GTP binding 

domain containing 2 
0.001 

AP1M1 NM_001130524 Adaptor-related protein complex 1, mu 1 
subunit 

<0001 

ANXA5 NM_001154 Annexin A5 <0.001 
TSC22D1 NM_001243797 TSC22 domain family, member 1 0.01 
F13A1 NM_000129 Coagulation factor XIII, A1 polypeptide 0.02 
TUBB1 NM_030773 Tubulin, β1 class VI 0.03 

An important blood gene expression classifier in the field of kidney transplantation is the 
TruGraf. It represents a novel molecular biomarker for managing kidney transplant recipients with 
stable renal function [46]. The TruGraf algorithm is a DNA microarray-based gene expression 
algorithm that analyzes the gene expression profile of 120 genes. In the original study it was designed 
to avoid surveillance biopsies and was validated in multiple cohorts. Simultaneous blood tests and 
clinical assessments have been performed on 192 patients from seven transplant centers [46]. 
Evaluating the results of TruGraf blood test and compared with clinical phenotype in 99 kidney 
transplant recipients with stable renal function and biopsy confirmed phenotypes and in 63 kidney 
transplant patients with stable renal function but with per protocol biopsy documenting subclinical 
rejection, the accuracy was 74% in patients without rejection and 80% in patients with rejection. The 
overall negative predictive value was 89% and the positive predictive value 48% with sensitivity of 
71% and specificity of 75%. The conclusion of the study was in favor of a clinical decision without 
unnecessary surveillance biopsies basing on an accurate gene expression profile (GEP). 

Basing on TruGraf method Heilman et al. [47] conducted a prospective study obtaining 
peripheral blood at five time points in the first year post transplant to obtain GEP. Overall, 240 kidney 
transplant patients have been enrolled and stratified into three groups according the absence or 
presence of one or more GEP. Presence of multiple GEP correlated with a poorer histological aspects, 
lower eGFR and higher death censored graft loss. 

We have described the relevance in diagnosing subclinical rejection of dd-cfDNA and the gene 
expression profile. A question is whether blood gene expression assays and donor-derived cell free 
DNA may be used together to diagnose subclinical rejection. Park et al. [48] have provided an answer 
to this question recently. 
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In this study, the authors enrolled 208 subjects for a total of 428 biopsies samples. The study was 
a post hoc analysis of the clinical Trial in Organ Transplantation 08. Surveillance biopsies have been 
performed from month 2 to month 6 post-transplant and at month 12 and 24. 

Patients were simultaneously followed by gene expression profile assay (TruGraf method); 
donor derived cfDNA and combined tests. Observing the diagnosis of subclinical rejection, the 
authors reported a PPV of 47% with gene profile, of 56% with dd-cfDNA, of 81% with the combined 
tests. 

A NPV was 82% with gene profile, 84% with dd-cfDNA and 88% with combined tests. The area 
under the receiver operating characteristic curve (AUROC) values was similar with each method. 
Overall, the GEP was better at detecting cellular rejection and dd-cfDNA was better in detecting 
antibody rejection. 

In conclusion, donor derived cell free DNA and gene expression profiles provide a less invasive 
monitoring strategy for subclinical rejection with different detection of antibody and cell mediated 
rejection. 

Urinary RNA Profile for the Diagnosis of Rejection 

Independently from the information on clinical or subclinical rejection that can be drawn from 
the blood, the urine too may allow the rejection diagnosis of a kidney graft in a non-invasive method. 

Li et al. [49] comparing the urine specimen from 22 kidney graft with a biopsy confirmed acute 
rejection with 63 grafts without biopsy-confirmed acute rejection found higher levels of perforin 
mRNA and granzyme B mRNA in patients with biopsy confirmed acute rejection. Both mRNA 
encode the cytotoxic proteins. 

The authors divided the patients in four groups (acute rejection, stable graft function, other 
pathological findings not rejection related, and chronic rejection). The levels of perforin mRNA were 
significantly higher in patients with acute rejection than patients with stable renal function (p<0.001), 
patients with other findings (p<0.001) and patients with chronic rejection (p=0.03). 

This was not the case of granzyme B mRNA levels, which were not able to distinguish patients 
with acute rejection from patients with chronic rejection (p =0.12). 

The authors conclude that urinary mRNA levels of perforin and granzyme B are a useful 
noninvasive tool for the diagnosis of acute rejection, but levels of granzyme B mRNA were not able 
to distinguish acute rejection from chronic rejection. 

We have already cited the study of Suthanthiran et al. [4]. One year later the same authors 
published another more extensive study on the urinary mRNA profile and acute rejection in kidney 
transplant recipients [50]. Overall, a total of 4300 urine samples were collected from 485 patients for 
urinary-cell messenger RNA (mRNA) repeatedly after transplantation and at the time of kidney 
allograft biopsy. Urinary mRNA has been examined for CD3 ε perforin, granzyme B, interferon-
inducible protein 10 (IP-10), CXCR3, CD103, transforming growth factor β (TGF β) and proteinase 
inhibitor 9. Patients were divided into three groups (acute cellular rejection, No rejection; and stable 
function in patients which did not receive renal biopsy). The mRNA levels of CD ε perforin, 
granzyme B, and IP-10 differed significantly among the three groups (p< =.001), but not the levels of 
CXCR3 (p = 0.06), CD 103 (p = 0.13), TGFβ (p = 0.11), and proteinase inhibitor 9 (p = 0.38). 

The authors conclude that CD3 εmRNA, IP-10 mRNA and 18S rRNA levels in urinary cells 
appear to be diagnostic of acute rejection in kidney allografts. 

In another study [51], messenger RNA (mRNA) for FOXP3, a specification and functional factor 
for regulatory T lymphocytes, and mRNA for CD25, CD3εperforin, and 18S ribosomal RNA (rRNA) 
were examined in urine specimen of patients with acute rejection, with chronic allograft nephropathy 
and in patients with a normal renal biopsy. In particular, was examined the relationship of these 
mRNA levels and acute rejection, rejection reversal and graft failure. mRNA levels for all the factors 
studied were significantly higher in acute rejection than chronic rejection and stable graft function 
(p<0.001). FOXP3 mRNA was the only one factor that related with reversibility. Patients with higher 
FOXP3 mRNA had lower possibility to have a reversible rejection. Similarly, patients with higher 
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FOXP3 mRNA had higher risk of graft loss. On the contrary, mRNA for CD25, CD3εperforin, and 
18S ribosomal RNA (rRNA) did not had relationship with rejection reversibility and risk of graft loss. 

In the already cited study from Hricik et al. [43], have been enrolled 280 kidney transplant 
patients, principally from living donors to evaluate and compare urinary biomarkers useful for a sure 
diagnosis of acute rejection. At the time of collecting urine, all patients received a for-cause renal 
biopsy. Urinary samples were examined for sediment RNA already known to be elevated for acute 
rejection as CCR1, CCR5, CXCR3, CCL5, CXCL9 (cytokine induced by interferon gamma), CXCL10, 
IL-8, perforin and granzyme B [52–54]. 

Using a correlation analysis, many of these substances highly correlated and showed 
interdependence. CXCL9 and CXCL10 documented the higher significant in diagnosing acute 
rejection. CXCL 10 was higher in patients with acute rejection and in patients with infections. 
Therefore, in the author’s opinion CXCL9 is the protein with the higher significance in diagnosing 
acute rejection and in distinguishing acute rejection from other renal injuries. In detail, CXCL9 in 
acute rejection diagnosis had an area under the curve (AUC) of 0.856, a PPV of 67.6% and a NPV of 
92%. The addition of CXCL10 did not modified the results. 

However, the utility on the use of urinary cytokines as noninvasive biomarkers is the diagnosis 
of acute rejection is discussed by other studies, which found several controversies. In a French 
retrospective study [55], reviewing 329 transplanted patients, the utility of urinary CXCL9 and 
CXCL10 is discussed as a noninvasive method to diagnosing allograft rejection. To be considered in 
the retrospective study, all patients should have an allograft biopsy specimen, concomitant urine 
samples and blood research for BKV infection. Indeed, the study documented that a similar elevation 
of these urinary cytokines is found in the case of acute rejection as well as in the case of BKV infection 
and in the case of urinary tract infection frequently observed in kidney transplant subjects. 

In a different and very, recent study [56] was evaluated the utility of urinary CXCL 10 to 
monitoring the renal allograft. In the study, patients were divided in two arms. The intervention arm 
(120 patients) and the control arm (121 patients. In both arms urine for detecting CXCL 10 were 
collected at month 1, 3 and 6. If elevated, renal biopsy was made and the subsequent treatment of 
rejection in intervention arm. In the control arm, the results were concealed. At 1 year were evaluated 
the death censored graft loss, the existence of an acute rejection, the presence of de novo DSA and the 
presence of an eGFR < 25 ml/min. Considering the combined endpoint at 1 year, the intervention arm 
and the control arm did not differ (51% vs 49%) and the study could not demonstrate the beneficial 
effect of urine CXCL 10 monitoring. 

On the other hand, another study from Hricik et al. for the Clinical Trials in Organ 
Transplantation-09 Consortium [57] documented the usefulness of cytokines and other tools in 
predicting high-risk patients. The study had the aim of analyzing the safety of Tacrolimus withdrawal 
in immune-quiescent kidney transplant recipients. Overall, were randomized 21 patients, 14 in the 
tacrolimus withdrawal group, 7 in the control group. The study was terminated prematurely because 
of the high risk of acute rejection in the tacrolimus withdrawal group. High mismatches 
pretransplant, donor-reactive IFN-γ ELISPOT assay and high levels of urinary CXCL9 were all 
predictive of the development of acute rejection or/and development of DSAs in the tacrolimus 
withdrawal arm. 

Table 7 highlights the main challenges in the field of finding new biomarkers. 

Table 7. Main challenges in finding new biomarkers. 

• The rapidly evolving field of biomarker-informed precision medicine will be led astray if 
clinicians do not continually inform the data to turn it into useful information that can help 
patients 

• This principle is not new, but the allure of a new and “easy” test result that gives us “all the 
answers” is seductive 

• We must remember our value to the patient remains being the link between the stream of data 
and the clinical reality 
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• Lastly…..we are dealing with complex patients with complicated intersections of disease states 
that are in near constant flux 

Conclusions 

In conclusion, multiple new non-invasive and invasive biomarkers are changing the paradigm 
of rejection diagnosis and immunosuppression management. 

Further refinement of the proper context of use and interpretation of these tests will shape 
patient care as transplantation moves further into the field of personalized medicine. 

Well designed, interventional clinical trials using these tools are the next logical step in 
development. 
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